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1. Summary 
1,1 Process 

Anomalies have occurred in the Symphonic Satellite MV2 on the 
hot gas system branch since May 1976, which in part have led 
to the failure of all engines, that Is, engines no. H2, H4, 

H5. 


Analysis of the Process 

A detailed analysis of the phenomena has led to the conclusion 
that the fuel supply for the engines has been interrupted by 
some kind of blockage at one point of the conveyance system. 

Also the analysis performed has led to the conclusion that out 
of the two supply systems for oxidizer and fuel, the oxidizer 
syster. is blocked. This conclusion resulted from the fact that 
after turnoff of the engines, a thrust was delivered after a 
certain time without opening any fuel valves. 

This phenomenon can be explained by the fact that during the 
previous regular activations of the. engines, only fuel flowed 
out, which is frozen solid because of the fact that there is 
no combustion heat in the combustion chamber, and at a later 
time it was thermally decomposed by the oxidizer which was 
supplied in drops. From the process described here we can con- 
clude that the oxidizer branch is blocked. 

1.2. Possibilities of Repair 

It is known that for certain pre-conditions, so called metal 
salts are formed in the oxidizer which first are present in the 
dissolved state. These metal salts can precipitate at the high 
speed of the solution medium, that is, through the narrow passages 
of the conveyance system in a Jelly-like solid form Cgel). 

This leads to further constriction of the narrov passage and 
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leads to complete blockage. It Is natural to look upon this 
phenomenon as the cause df blockage of the oxidizer branch of 
the MV2. 

An evacuation of the oxidizer branch is the only method of 
repairing the device in orbit. Therefore, we first carried, out 
laboratory experiments where we observed the behavior of arti- 
ficially produced Jellies in a vacuum (1 Torr). It was found 
that the solid volume of the Jelly is reduced, which is to be 
attributed to a sublimation. This gives us a first Indication 
that there is a possibility of repairing the oxidizer branch 
in orbit . .In order to estimate the effectiveness of the vacuum 
on the removal of Jellies under these boundary conditions which 
prevail for the conveyance system, we performed further anal- 
yses to determine which simulations would be possible on the 
ground. 


Simulation Methods on the Ground 


In several discussions with representatives of the individual 
with the individual institutes such as CIFAS, GESOG, ONES we 
defined the simulation method on the ground. We fix the fol- 
lowing: 

The raw material for the Jellies is manufactured artificially 
by mixing water, Kaltron and Iron Nickel nitrate to The 

following composition has been specified SB % ^ ' ^2^ 

and 1 \ Kaltron 113 and 20 tng 50/50 FE-Ni Nitrate. 

Water and Kaltron were added because one cannot exclude that 
these media have remained in the bellows tanks which are diffi- 
cult to clean. A non-contamlnated fuel MMH together with this 
contaminated oxidizer was used to operate a 10 N-engine under 
hot run conditions using an original replica of the conveyance 
system up to the systems valve. The test configuration was 
selected in this way because the critical passages in the com- 
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ponents after the system valve such as the filter, diaphragm 
and engine exist In It. The simulation of the blockage was 
carried out in conjunction with a hot run, because only in 
this way can one simulate the flow conditions in the convey- 
ance system which exist in orbit. 

Me can assume that the operational conditions for the simula- 
tion method created in this way agree for the most part with 
the oxidizer branch in orbit. However, as far as the simula- 
tion of the contaminated fuel is concerned, we have to refer 
to estimates only. This uncertainty is only of secondary im- 
portance for the simulation tests on the 

ground, because we're not interested in examining the possible 
blockage, but instead we wish to investigate the possibility 
of removing an existing blockage using a vacuum. 

1,^. Test Configuration 

An original hot gas system (see appendices) was built from 
the system valve up to the engine. Filters, diaphragms and 
pipelines were newly constructed according to the available 
data sheet of the Symphonic project. The ten N-englne al- 
ready had an operating time of 2148' seconds. Since Jelly 
formation la accelerated at narrow passages by low fuel temp- 
erature, the entire conveyance system was installed in a 
basin filled with ice water. This way we satisfied the con- 
dition that already after a short operating time we could 
expect a blockage of the conveyance system. At the critical 
passages of the conveyance system such as the filter, dia- 
phragm, engine valve with filter and the injection system 
of the engine, we installed measurement connections for meas- 
uring differential pressure, in order to be able to record 
a change in the cross sectional passage area brought about 
by the beginning of the ’^lockage (see schematic diagram of 
the test configuration). In order to be able to evacuate the 
conveyance system after the hot run in the blocked state, we 
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manufactured an adaptor with which the expansion nozzle of 
the engine. 


In the second test series we wish to examine whether the 
removal of the blockage is possible for those components 
which lie far away from the evacuation point, by extending 
the duration of the evacuation, 



EVACUATE CONVEY- 
ANCE SYSTEM 

-3 

1+ X 10 Torr AT 

23 * 26 °C f’or 
72H 


HOTRUN 1.3 
with contaminated 
N 2 O 4 BLOCKED 
ArriiK 400 SECONDS 


HOTRUN 2.1 
REFERENCE TEST WITt 
Ijng-CONTAMINATED 

1?00 SECONDS 


CONVEYANCE 

SYSTEM 

EVACUATION 


5 X 10"^. TORR 

28 r 29 °C 

FOR 

285 Hours 



HOTRUN 2.3 
WITH CONTAMINATED 


^ 2 ^ 1 ^ > 


N20^ - TANK 


EMPTY. NO CRITICAI 
BLOCKAGE AFTER 

1285 SECONDS 


TANK IS REFILLED 
WITH CONTAMINATED 
N20^ FOR 

1000 SEC OPERATING 
TIME 


HOTRUN 2.4 WITH CONTAMINATED NgO^^ 
BLOCKED AFTER 99 SECONDS. 
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1.6 Test Results 


Except for the hot run 2.3, a blockage was achieved with con- 
taminated N 20 ^ after an operating time of about ^00 .econds, 
which made it necessary to break off the hot run. The oxidi- 
zer throughput progressively was reduced, and at the same time 
the fuel throughput was increased because of a reduction in 
the combustion chamber pressure. The hot run was then term- 
inated because due to the extreme displacement of the mixing 
ratio and the reduction in the total throughput, the combus- 
tion in the engine became extremely unstable and liquid unburn- 
ed fuel came out of the engine. 

The manner in which the blockage comes about can best be seen 
by Investigating the variation of the flow number (FN). The 
flow number is a measure for the penetration cross section. 

It can be seen that cross section reduction per unit time in 
the filter is the greatest. Prom this we can conclude that the 
flow speed in the filter is very high and therefore a f^trong 
Jelly formation occurs. In this way, already 

output products of the gels are held back by the filter. There^ 
fore in the following narrow passages the cross-section reduc- 
tion is much slower than in the filter. The cross-section re- 
duction in the narrow passages which are switched into the fil- 
ter indicates that these are really jellies and not solid par- 
ticles which produce the blockage. This is because the fine- 
ness of the filter is selected so that particles which can still 
pass the filter are so small that they cannot bring about any 
blockage in the following narrow passages. The most important 
result of the tests is tha fact that by evacuation, the block- 
age of the narrow passages can be reversed again. It is of 
Interest in this connection that the removal of a blockage, that 
is the removal of the Jellies, depends on the time over which 
the vacuum ac-^. For example. Test 2.3 shows that the blockage 
also can be removed completely at the point which is farthest 
away from the evacuation point, that is, the filter. 


\ 
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1»7 Final Conclusion 


Ground tests have shown that a removal .or at least a reduction 
of the blockage of the oxidizer branch is possible by evacuation. * 

If one follows the test results further, we have to conclude ^ 

that the greatest blockage occurs In the filter. This then re- 
suits In a restriction in the capability to perform repairs to 

*• 

the oxidizer branch in orbit. This is because the filter in- - 

i 

stalled ahead of the system valve cannot be subjected to a vacuum. - 




2. GRAPHS OF TESTS RESULTS 



- Test Series 1, Tests 1 - 3 Cl Sheet) 

- Test Series 2, Tests I k Sheets) 
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Definition of the tests according to the protocol of October 
13 1977 with the experts at Lampoldshausen. 

- Point 3 of the discussion protocol. 


1. INITIAL CRITERIA 


1.1 What Kind of Contamination is Present? 

N 0 

- Reaction product between contaminated 24 and the 
tank materials ^ 2 ^ ^ind Titanium, 

-< Impurities in the can be caused by humidity 

or residual amounts of freon (Simulation liquid). Both 
components favor the formation of salts ( Fe " and 
Ni-nitrate) NDg ^ 

1.2. What quantitative amounts of corrosion products leads to 
a blockage of the conveyance system? 

f 

1.3 At which point of the conveyance system did blockage occur? 
2. TEST CONFIGURATION 

The following experience and knowledge has to be applied 
for the design of the test configuration and execution; 

2.1 The blockage does not occur suddenly but gradually and 
progressively. 

N Q 

2.2 The higher the temperature of the -2-4* , the more 

Fe and Ni->nltrates can be held in solution without pre- 
cipitation in the form of solids. 
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2.3. The higher the flow speed of the fuel, the greater will 

be the tendency for the Pe and Ni-Nitrates to precipitate 
as solids out of the solution. 

From the initial criteria, experience and knowledge we 
can derive boundary conditions for the test configuration 
and execution. 

In order to have a direct means of comparison with pro- 
cesses in the original system, it is simulated as much 
as possible in the test configuration as allowed by the 
blockage criteria. 

3. DEFINITION OF THE CONTAMINATED ^2°A 

In the definition of the contaminated ^*2^4 solution 
we assume that the water content as well as the freon 
content cannot cause the blockage directly, but only 
indirectly by the increased formation of Pe and Ni-Ni- 
trates. However since the fomnatlon of Pe and Ni-Ni- 
trates is a long time process because of the water con- 
tent and the freon content and. the experiments have to 
lead to a result as fast as possible, the amount of 
Ni and Fe Nitrate is added directly to the N-D. 

^2^4* solutions are produced which have a constant 
degree water and freon contamination, but their Pe and 
Ni nitrate amounts are Increased until blockage occurs. 
Since the blockage already occurred at the beginning of 
the mission, the Fe and Ni nitrate amount can be select- 
ed so high that blockage already is present for a flow 
amount of 3 kg solution. 
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DESIGN CRITERIA FOR TEST CONFIGURATION 


5.1 Instead of folding bellows containers we used tank filling 
containers. 

N Q 

The reason: The 24 container has to be filled with 

N 20 ^ with different nitrate content for each test. 
The folding bellows tank Is not suitable for these tests, 
because complete cleaning cannot be guaranteed and there- 
fore the defined salt content cannot be determined with 
certainty. 

5. 2. In order to reduce costs. Instead of He, N 2 Is used to 
pressurize the fuels. The Influence of dissolved gas 
In the fuel on the formation of blockage products Is as- 
sumed to be small compared with the effect of the mixed 
amounts of Fe and Nl-nltrate. 

5.3 The operation of the engine Is done at a constant tank 
pressure In contrast to blow-down opergitlon In the orig- 
inal hot gas system. Reason: a possible reduction In 

the throughput due to the beginning of blockage can be 
controlled much more poorly for blow-down operation. 

5.^. The test configuration has flow meters In order to be 

m 

able to adjust the nominal throughput amounts fiss 
(total) and the mixing ratio r without difficult ad- 
justment procedures. This Is done by simply changing 
the tank pressures at the beginning of each test. 

5.5 In the ^2^4 supply system In which the blockage Is 
expected the pressure losses In the filter. In the dia- 
phragm and In the Injection system of the engine are 
checked by measuring ^ P . 
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5.6 The entire fuel conveyance system except for the fuel 
containers is surrounded with ice water in order to 
guarantee a constant fuel temperature, especially for 

*^2^4 from one test to another. It is small enough 
so that any blockage that occurs can be accelerated. 

The fuel conveyance system is submerged in a pan. 

5.7 The conveyance system from the Nupro blockage valve up 
to the engine corresponds to the original conveyance 
system in length, armatures, such as filters and adjust^- 
ment diaphragm and also with respect to flow cross sec- 
tion. The pipelines which lead through the flange are 
an exception to this. 

5.8 Between the engine and the conveyance system there is a 
flange which is suitable for serving as a covering flange 
of the recipient. In this way after blockage has occurred 
in the engine, it can be evacuated without separating 

the conveyance system. During the blockage test, the 
flange at the same time serves as a sealing flange with 
respect to the water pan. The flange has to be installed 
so that the engine with the conveyance system can be 
disassembled from the water pan without being taken 
apart. The connections of the flange conveyance lines 
which have thick walls and are made with 3 - ^ mm IW 
are made by means of bolts with respect to the conveyance 
system on the one hand and the engine on the other hand 
(ANR-DIN bolts) connections. 

5.9. The conveyance system up to the separation points at the 
Nupro valves is mounted on a plate in order to be able 
to transport it together with the engine to the vacuum 
pump. 
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6. WORKING PLAN 


6.1 Cleaning of the containers and cleaning of all of the 
components of the conveyance system. 

We have to distinguish between parts which have already 
been contaminated with fuels and newly produced parts. 
The latter are cleaned according to TN RT 353-1/77, 
(see Appendix 1), Item 3.2 Including and up to Item 
3.3. For already contaminated parts, for example the 
HG-Symphoni^ tank filling container, cleaning Is 
also done according to RT 3S3- 1/77 ^ Item 3.3. 

For cleaning purposes the flange Is removed from the 
tank and the Inner wall Is sprayed with a spray nozzle 
having a hard Jet. The tank Is placed with the flange 
opening toward the bottom. The container Is closed 
and evacuated with simultaneous heating from the out- 
side (20 minutes). After this the Insulation Is flooded 
with N 2 (penetration of air Is avoided). Empty weight 
of the container Is determined with the final equipment 
Installed. 

6.2 Filling of the N20^ Container 

Distilled ^ 2^4 Is filled In through 2 ^ Mllllpore- 
Fllters and the filling is controlled by weighing. Then 
It is ventilated and the containers are first opened. 

In order to avoid the entry of air. If overpressure al- 
ready exists In the container. ^2^4 containers are 
then finally connected to the test configuration. 

6 . 3 . Filling of MMH Containers 

MMH Is filled in cleaned Symphonie hot gas tank-fill 
ing containers. MMH Is filled In through /u.Williporefll 
ters. Otherwise the same procedure Is used as for the 


containers 




7. PRODUCTION OPi'.THE CONVEYANCE SYSTEM 

■ I ■ " ■ .H— —I I ^ 

7.1 All of the components of the conveyance system 

- Aeroqulp-hoses 

- Nupro valves 

- flow meters 

- pipelines 

- screw connections 

- pressure transducers 

are cleaned according to TN RT 353*1/77^ except for 
the engine with the valve. The conveyance system is 
assembled under clean conditions. 

7.2 The adjustment diaphragm is not adjusted with original 
fuel but with water instead, and the equivalent amount 
is calculated according to 



for equal ^ P . 

7.3 All of the connections are made using DIN-Screw connec- 
tions, and the capillary tubes are welded into the nipples. 

7. ^ A "constant" power supply can be used for the engine 

valve and a rocking switch may be used for control, 

8. AMOUNTS OF FUEL TO BE FILLED 

- Content of the fuel-filling container 7.5 liters 

- The *^20^ container is filled with the amount re- 
quired for a single test. 

- The MMH-contalner is filled until the amount is suf- 
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flcient for all tests. 

Tank filling amount for MMH-contalner 7 lit 
Useful amount 6*5 lit 


A 

m 


63Q0 gr 
5650 gr 


Assumed number of tests: 3 


MMH-amount per test; 

*'^2^4' amount required for this 


1S50 gr 
3198 gr 

Total amount Si 48 gr 


The required testing time is calculated from 


5146 

3.54 


- 1454 8 


Summary ; 


24 min 


Amounts to be filled; 


fIMH 


6300 gr 
3500 gr 


Test time to be expected 
per test; 


24 min 


9. TEST SEQUENCE 


- Filling of the fuel amounts 

- Calibration of transducers 

- Hermeticity test for the entire conveyance system 

- Functional test of the engine valve 

- Filling of the pan with ice water 

Evacuation of the conveyance system with closed 

tank valve and opened system valve 
• pressurization of the N-0. container at Pj 




/SP 
A P 


B1 


13,3 

5.0 

0.5 

1 8 . b 7 bar 
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filling of the ^2^4 conveyance system by opening 
tank valve. 

Taking of a cleanness sample with a mlllipore-adaptor 
with a 2 />■ filter and a flow amount of 209 grams 
Qualitative check of the filter for particle amount, 
particle size and particle identification. 

Evacuation of the MMH conveyance system with a closed 
tank valve and open system valve 

Filling of the MMH conveyance system by opening the 
tank valve 

Manual recording of the fuel temperature In the tanks 
Mar ial recording of the tank pressuies 

’’V ■ '‘M.no - (RVl 

Manual recording of the ice water temperature 
Equalization of the differential pressure transducers 
Manual recording of balanced readings 
Operation of the engine for 24 ml ..utes 
Check of the mass throughputs using the flow meter 
readings. If necessary discontinue engine operation 
and make a throughput correction by changing the tank 
pressure, if there are deviations In 

^gos Nom (Total) and Nom 

Observations of differential pressures, injection 
pressure and flow meter readings in order to evaluaue 
whether a possible reduction of the throughputs is 
caused by the beginning of blockage in the case where 
throughputs are reduced. 

Observation of the tenperature load id on the engine, espec- 
ially on the vacuum noz le and interrupt test for any 
critical operational test. 

w 0 

Let any blockage increase in the 2 4 

system as long as the operating state of the engine does 
not become critical because of the displacement of the 
mixing ratio. 
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- After blockage of ^ 2^4 occurred 

Conveyance system (reference value 20 % • q Nominal 

2 4 2 4 

Discontinue operation 

- Determine the location of the blockage (filter, diaphragm 
injection system) from the changes in the differential 
pressures which have occurred or from the injection pres- 
sure, 

- Close tl - tank valve (Ox/Br) (oxidizers/fuel) and the 

^ 2 ^ 4 " system valve 

- Rinse the KMH conveyance system with N 2 with an open 
engine valve by pressurization through the pressure 
relief valve of the MMH conveyance system and for closed 
KMK system valve. 

- Remove ice water and take out the conveyance system to- 
gether with the engine from the water tank. 

- With a pre-vacuum, remove fuels from the engine and the 
conveyance system as much as' possible. by connecting a 
water spray pump to an adaptor (plate with a rubber 
sealing plate) to the vacuum nozzle of the engine. 

- Install the engine with connected conveyance system to 
the recipient of the vacuum pump, 

- Open the engine valve and evacuate the conveyance system 

for 48 hours ; iq" 2 Torr) • Temperature of the engine 
valve should be checked. First record every 

10 minutes. Close the engine valve when 95®C is exceed- 
ed and open it again wnen t tenqperature drops. Record 
vacuum pressure. 

- Reinstall the conveyance system in the test assembly. 
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- Repeat the hot run test. Record the throughputs and 
pressures to check whether the degree of blockage has 
been reduced by the evacuation. The tank pressures 
In the previous step are maintained. 

- If It Is not successful to remove the blockage, the 
conveyance system Is rinsed through a ^yu,- filter with 
distilled water at a temperature of about 60®C. The 

• I 

rinsing water Is captured In a clean container. 


10. SPECIFICATION OF THF FOR THE INDIVIDUAL TESTS 

10.1 Test 1 


Reference test for which no blockage Is expected. 
Distilled *^*2^4 with the following coiqposltlon: 



Nominal 
values ac- 
cording to 

MIL-spec Actua] values 


N 20 , 



26539C 


H^O 

Weight wtjS 



99.5 

99.99 

2 

Equivalent wt% 



0.17 

0,11 

Solids 

mg/1 



10 

• • • • 


The amount cf solids is determined quantitatively by fil- 
tering through 1/u- millipore filters of 200 g *^ 2^4 
Particle distribution on the filter is not determined, 
but on the other hard the dimension of the largest par- 
ticles is determined. 

10.2 Test 2 

^ 2^4 t;he following chemical composition Is used: 
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*^*2^4 (Purity c. nominal value of Test 1) 

H2O dest 
Kaltron MDS 113 

(Nitrate mixture: 50 wt. % Pe-Nltrate) 

50 wt, % Nl-Nltrate) 

Production of the Mixture, Both impurities 

(H2O and Freon) are mixed to the N2O11 by welgnlng. A 20 kg 

balance Is used (1 scale division * 5g)> 

Work sequence: 

- Determination of the empty weight of the HG tank filling 

container kg 

- Filling of the weighed Fe-Ni-Nitrate mixture. Weight ac- 
cording to Item 1 and weighed separately on an analysis 
balance. 

- Fill the amount of water or freon determined according 
to Point 2 and which has been weighed separately on an 
analysis balance, 

- Add the amount of the distilled ***20^ determined ac- 
cording to Point 2, 

- Mix the conpoients by shaking the previously closed con- 
tainer, 

1, Determination of the FE-Ni-Nltrate amount for 3500 g ^2^4 

Amount of Nitrate ^ fng/1 * V,^ » 

JT • 20 mg/1 

Total amount N2O4 - 3500 g ( / - 1.446 g/cm^) 

''n,0^ - 2.420 1 

2 4 

For 3500 g *^*2^4 amount of nitrate is calculated 


98 wt % 
1 wt 
1 wt . $ 
20 mg/1 
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as follows: 


20 • 2.42 


• 40. 4 mg 

The Fe-Nl-Nltrate mixture for 3500 g ^2^4 consists of 
24.2 mg Fe-Nitrate and 24.2 mg Nl-Nitrate. 

2. Determination of the weight proportions of water and 
freon. 

Total amount of contaminated **^2^4 * 3500 g. 


Wt. fraction A 

m 

dest. 

Wt. fraction B 

m 

H^Q dest. 

Wt. fraction C 

m 

Kaltron I10S 113 

A f B f C 

m 

0 

A 

m 

0.9B • 0 - 

B 

m 

0.01 • D 

C 

m 

0.01 • 0 

dest. 

• 

3430 g - ^ 8 * 

^H 20 dest. 

m 

35 g 

^Aaltron 

m 

35 g 

0 

• 

3500 g 


* + 5g balance air. 
10,3. Test 3 



If no blockage occurs for Test 2, In test three the 
Fe-Nl- Nitrate amount Is Increased to 40 mg/1. 

The conteuainated ^2^4 for this test has the follow- 
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Ing chemical composition: 


98 wt % *'*2^4 (Purity c, nominal value of Test 1) 

1 vrt H2O dest. 

1 wt.Jt Kaltron MDS 113 

40 mg/1 (Nitrate mixture: 50 wt % Fe-Nltrate 

50 wt % Ni-Nitrate) 

Operating sequence just like for* the production of the 
mixture as discussed in Test 2. 

?or* 3500 g the amount of nitrate is calculated 

from 

Apj - 40 • 2,42 

- 96,8 mg 

i.e. the nitrate mixture consists of 48.4 mg Pe-Nltrate 
and 48.4 Ni-Nitrate. 






5. MANUFACTURING DOCUMENTS FOR TEST CONFIGURATION 


- Work plan 

- Work plan AP - Cleaning of the 10 N-TWK 
Engine SYS 2^*51 (Unit Nr. 35) 

after the first hot run when investigating 
the HG-anomalle 

- Work plan MV2- Anomalie (2nd Test) 

- Work plan AP - Cleaning of the 10 N-TWK 
(engine) after the second hot run. 


MV-2 Anomalle 


Work Plan 


Author 

Hainmerllndl 

Date: 

12.5.77 


1. Documents which apply: 

TN - RT 35 - 7/77 
TN - RT 353- 1/77 

2. The points shown in the work plan have to be confirmed by 
the person performing the test. 

3. Work sequence 

3.1. Buildup of the test apparatus according to - RT 35 — 7/77 
Page 5 


3.1.1. Equipment to be used or manufactured: 
and manufactured RT 353 


Made available 


1. pressure loading device SK 13 380 (BT-Nr. 2) 

2 HG-Balances SK 8740 (BT-Nr. 1/2) 

Vacuum pump type D S6 
Vacuum hoses with adaptor 

HG-Containers (N^O^) SK 8720 (BT-Nr. 5/7) 

Arti-return valves Models -Nr. 2320 R-2 PP-5 

Models -Nr. 2^0 T1 - 2PP (KMH) 
HG-contalners (MMH) (BT-Nr. 1/7) 

HG-container lines 


(N.O.) SK 8692 KK4 - 13 
2 4 

KU5 - 14 


1 HG-tank filling lines SK SSSs'lfuf- n*’ . 

. (BT-Nr. 2) 


2 HG-contalner lines 04MH) 


SK 8693 KU4 - 13 
KU5 - 14 
(BT-Nr. 2) 
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MV2 - Anomalle 


Author 
Hammerllndl 
Date: 

Work Plan 12.5.77 


1 

1 

1 

2 

2 

1 

1 

1 

2 

2 

2 


GSP. Drive line (MMH) SK 15470 (BT-Nc. 1> 

Filter for 2400 - 22 

Filter for MMH SK 16120 

HG Pipe lines 1/8” x 0,01” x 1000 Ig. 

for ^ 2^4 and MMH-side 

manual valves :• NUPRO SS - 4H 

Turbines Model LF 6-00 


10 N-TWK SYS 2451 BT-Nr. 35 
with MBB-Valve SK 4550 BT-Nr. ’44 
TWK-Holder (for engine) 

Suction device for TWK 
pressure transducers CEP TYPE 4-351-002 
pressure transducers CEC TYPE 4-326-L226 
diaphragms ^ 2^4 


3.1.2, Cleaning of all of the equipment mentioned under 3.1.1 


Etching and cleaning of all pipelines, connection pieces 
and welding adaptors 

3.1.3. Cleanliness Class 1 demonstration 

Conveyance System Unit cleanliness better than 
Class I according to SAE 
Pipe ^ 

• Hoses 
Tanks 

3.1.4 Air Tightness of individual components 

3.1.5 Integration of Individual components 
3.1.6. Air tightness test 
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Work Plan 


NV2 - Anomalle 


Author 

Hammerllndl 

Date: 

12.5.77 


3.1.7. Test Preparation 
Mechanic 
Measurement 


3.1.8. Analyses 
MON 0,3 

MMH 


3.1.9. Hot runs 


3.1.10. Materials and Other Materials 
Isoprophyl alcohol 

Fuel: as kg N20^ 

15 .kg MMH . 

3.1.11. Monitoring during the evacuation 

3.1.12. Conveyance system is rinsed with N 2 and is evacuated 

3 . 1 . 13 . Disassembly of individual components 

3.1.1^. Cleaning of Conveyamce System 
Hoses 
Tanks 

3 . 1 . 15 . TWK (engine) 

Disassembly 

Cleaning 

Assembly 

Functional test according to AP-SYS 2451 (35)^ of 1/25/78. 


3 . 1.16 


Evaluation of Results 
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Addition/ 
Change Index 


A 


Investigation of HO-Anomalie 
Cleaning lON-TWK SYS 2i*51 (35) 

CHANGE LIST 

Page Number Reason for Change Date Name/ 

Division 
of F.ngT 
ineer 


Tested 

Name/ 

Division 


Building 


1/25/78 Hammerllndl 
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i 

1. Engine SYS 2k51 is loosened at the sepe^-atlon nolnt 

between the valve unit SK ^550 and the engine SK 8920. 'IffSCS 
The screw safeties of Positions 13, 1^ and 17 are re- 
moved by heating to 200-250 ‘^C/ using a soldering iron. 

2. Valve unit SK ^550 is Installed in spray device SK 

11470/1.01. Valve is opened with a constant 24 V 
and is rinsed with completely salt-free water in the 
opposite direction according to tn RC 234-43/71 

3. Salt-free water is sprayed with of cleaned 

N2* 

4. Just like step 2 but using isoprophyl-a] ‘‘.ohel. 





WORK PLAN 

Investigating the HQ-Anomalie Addition A 

Cleaning of 10 N-TWK SYS 2451(35) ' 


5. Isopropyl-alcohol is rinsed with 5/4 of cleaned 
nltroge'n. 

6. SK 8920 is installed on engine ana then is equipped 
with spray device SK 11 340, and is rinsed with 
completely salt-free water according toTN RC 234-43/71 

7. Salt-free water is rinsed with 

8. Just like step 6 but using isopropyl-alcohol 

9. Isopropyl-alcohol is rinsed with N2 

10. Engine SYS 2451 is assembled according to SYS 2451 
Pos. 15 and HV SYS 2451 jjut without screw safety. 

11. Air tightness test using of purified N2 in 40/80 
gasoline f Test Pressure: 5 bar (Over pressure) 


12. Engine is Installed In receptacle for hot run ano* 
malie II. 
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AP Cleaning 10 N-TWK (engine) 
after second run 

SYS 2451 (Unit Nr. 35) 

after second hot run when Investigating 

the HG-anomalle 


Distributor: LA 




Version/ 
Chfmge Index 

A 


Investigation of HG- Anomaly 
Cleaning lON-TWK SYS 2451 (35) 

CHANGE REGISTER 

Page No. Reason for Change Date Author 


1-4 Manufacturer 1.25.7B .Hanunerlindl 
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WORK PLAN 


Version A 


Investigation of HG-Anomalle 
Cleaning of 10 N-TWK SYS 2^51 (35) 


1. Engine SYS 2^51 is loosened at the separation point Nuckle RT 
between the valve unit SK ^550 and the engine SK 8920. 

The screw safeties of Positions 13, 1^ and 17 are re- 
moved by heating to 200-250°C using a soldering iron. 


2 . 


3. 

5. 


Valve unit SK 4550 is installed in spray device SK 
11470/1.01. Valve is opened with a constant 24 V and 
is rinsed with completely salt-free water in the oppo- 
site direction according to T.\* RC 234-^3/71 

Salt-free water is sprayed with 5/4 of cleaned N^. 


L 

u 


Just like step 2 but using isoprophy 1-alcohol. 
Isopropyl-alcohol is rinsed with Sytt of cleaned nitrogen. 




6. SK 8920 is Installed on engine and then is equipped 
with spray device SK 11 340, and is rinsed with com" 
pletely salt-free water according to tn RC 234-43/71 

7. Salt-free water is rinsed with Ng. 

8. Just like step 6 but using isopropyl-alcohol. 

9. Isopropyl-alcohol is rinsed with N 2 . 


I*-- 

jlj-U. 


10. Engine SYS 2451 is assembled according to SYS 2451. 
Pos. 15 and iHV SYS 2451 but without screw safety. 



11 . 


Air tightness test using 5/4* of purified Ng in 40/80 
ollne. Test Pressure: 5 bar (over pressure). 



12. Store engine. 
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6. TEST INSTRUCTION/ TEST REPORT FOR TEST SERIES 1 
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f 


TASK DEFINITION 


r. ( 2 *1 , ff. M^S^c*, 

//i.«.<//*<^ f"/*) 

Craurr 


MSB Report : TN-RT353-5/77 

Author: H, Czalka 

Division: RT 35^ 

Title: TEST INSTRUCTIONS 

Ground tests for investigating 
the MV 2 anomaly 

First Test Series 

Date ; 12/7/77 


Extended as a test report, test results recorded 
on 11 / 1 / 78 . 


Author : 


Division: 


Report Size 
21 pages 
Appendix A 

1 sheet 
Appendix B 
8 sheet 
Appendix C 

2 sheet 
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TN RT 353 - 5/77 


1. Study 


In order to investigate the MV2 anomaly RT 353-7/77) 
we carried out hot runs with the 10 N-Engine Cunder atmos- 
pheric conditions). 

In this report we specify the required work steps for pre- 
paring and executing the hot run tests. 

Test 1: Reference test for which no blockage is expected. 

Test 2: Hot run test for which *^* 2^4 is used with the 

chemical composition mentioned under Item 2, 3. 2. 2, 

Test 3: Is only performed J.f in test 2 no blockage of the 

conveyance system occurs. In this hot 
run the Fe-Ni-Nitrate fraction in the 
increased, 

2, Data on the Test Item and the Test Configuration for the 
Hot Run . 

2.1. Test item: 

^ 10 N-Engine SYS 2451 Number 35. 

- with valve Niunber 44. 

- Original fuel lines (line cross section and length) with 
filters and diaphragm according to the HG-System H4 (Sketch 
Page 8 ) with the conveyance line between the manual valve 
Ox 4 (BR 4) fuel and the engine.. 

2.2. Test Configuration: 

The test co.;flguratlon (Sketch Page 8 ) is built up according 
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to TN RT 35-7/77. 

All of the components of the conveyance system and the fuel 
containers are cleaned according to TN-RT 353-1/77. and 
cleanliness Is demonstrated using the millipore-method 
(without QS-documentatlon) . 

2.3* Fuels and fuel amounts 


2.3.1. MMH: (Demonstration not required) 

Amount of fuel to be filled; 63 OO g 

(for an expected testing time of 3 x 24 minutes) 


2.3.2. Detailed ^2^4 with the following chemical composition 


2. 3.2.1. Hot Run 1 
wt. % 

* 

H2O equivalent 
wt . % 


Nominal Values 
according to 
MIL-Spec. 


Actual 

Values 


26 539 

- 99, s 


33 . 3 * 


»» 0, 17 


0,i^ 


Solids mg/1 



The solid fraction is determined quantitatively by fil- 
tering through mllllpore filters of 200 g 
Particle distribution on the filter is not determined, 
(see Test Sequence). 


The amount of fuel to be filled: 3500 g 

Number of particles, nominal value: Purity better than 

Class 2 according to 

SAE. signed 

/fif//**- 


2. 3. 2. 2. Hot Run 2 


December 17 » 1977 


Distilled ^ 2^4 following chemical composition: 



(see data in TN-RT 353-7/77) 



98 wt.X ^ 2^4 dest. (Purity see item 2.3*2.1) 

1 wt. - f H 2 O dest. 

1 wt. - * Kaltron MDS 113 

20 mg/1 Nitrate mixture: 50 wt,% Pe-Nitrate 

50 wt.jt Ni-Nitrate 

•(see preceding page) HNO^ wt. % 0.6^ 

H 2 O free wt. X 0.02 
. HNO^ + free HgO result in an HgO 
equivalent of 0.11 wt. J6. 

Responsible for item 2. 3. 2. 2. - RT351 - Mrs. Keil 22 


Total amount of contaminated 
dest. « 3430 g 


^ 2°4 * ^ 

(+5 g balance air) 


H_0 dest. = 
Kaltron 113 MDS - 
Fe-Nitrate , 

Ni-Nitrate <= 


35 g 
35 g 

24,2 mg 
24,2 mcj 


2 . 3 . 2 . 3 . Hot run 3 (is performed because no blockage occurred 
in Hot run 2) . 


Distilled N20^^ with chemical composition shown under 
Item 2. 3 . 2. 2., but the Pe-Ni-Nitrate is Increased to 
40 mg/2 

For 3500 g N^O^ we find 

Pe-Nitrate: 48.4 mg 

Nl-Nltrate: 48.4 rag 


2.3.3. Pilling of the N^O^ and the MMH containers 
2. 3. 3.1. MMH-Container: 

MMH is filled through a MiUipore filter and 

filling is controlled by weighing. Ventilation opening 
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on the container la first opened. If over-px*essure 
exists In the container. In order to avoid penetra- 
tion of air. 

2, 3. 3. 2, Pilling of Container 

Pilling of distilled ^2^4 using ^A‘^Mllllpore fil- 
ters, where filling Is controlled by weighing. Venti- 
lation of the container Is only opened If over-pres- 
sure already exists In the contains^ In order to avoid 
penetration of air. When producing the mixture for 
Test 2 and Test 3, the Impurities (HgO and freon) are 
mixed by weighing ( filter) . A iO kg balance Is 
used (1 scale division • 5 g)t 

Sequence : 

- Determination of the empty weight of the ^2®4 
container (residual ^ 2 ©^ is emptied out) GB ■ kg 

- Filling of the Pe-Nl-Nltrate mixture which was weighed 
separately on an analysis balance. 

- Filling of Kaltro" 113 MDS or the amount of water which 
has been weighed separately on an analysis balance. 

- Weighing of the distilled *^2^4 

- Mixing of components by shaking the closed container. 

- Before filling the ^2®4 iuto the container for hot 
run 3, the container is cleaned according to 

TN-RT 353-1/77 , 


2.4. Measurement point plan 


1 
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Measurement 

point 

Range 

Recording* 

Remarks 

API <“> 

0 - 6 at 

V. D, A 

ged. lOO^P 

Ap2 

0 - 6 at 

V, D, A 

ged. lOO^F 


0 - 20bar 
»• 

V, D, A 

ged. lOO^F j 

'■c 

0 - 9 bar 

V, D, A 

ged,> lOO^F 


Hz 

D, A 


o 





Hz 

0, A 


Valve 

signal 

Engine 

Time 


< 

a 

> 


Pressure 

mark 

• 

V 

* 


* V ■ Vlslcorder; D • pressure; A ■ Reading 

. 1 CEC TVP 4 - 351 - 002 

Pressure measurement transducers a pi 

CEC TYP 4 - 351 - 002 

a p2 

P , P CEC 4 - 326 - L 226 
E ’ C 

COX 6-00 N20^ Tucb.Nc. 7191 

Turbine flow meter $-00 MMH Tucb-Nr. 15732 

Calibration of pressure transducers using 2^m Filter (nom) 
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SUtt 3 
Page 8 






3. Test Sequence 


3.1. Preparations 

- filling of fuels (Point 2.3.3) 

- calibration and installation of transducers 

- functional test of engine valve 

- air tightness test for the entire conveyance system by 


connecting through HV-OX3 (BR3) 
(Filter 

using GN2 

« 10 

- Filling of the pan = h ice water 



- pressurization of the **2^4 container at 

P? 

(HV— 0X2 "closed") 



; P 

Pressure balance ^ *^2®4 

- 13,30 

bar 

A p Blende 

« 5,0 

bar 

A p FOS 

» 0,5 

bar 


• 18,80 

bar 

Pm* 
T , 

17,80 

ate 


- * for hot run 2+3 adjust values from hot run 1. 


- Evacuation of the conveyance system using 

HV-OX3 ( — 1 Torr) HV-OX4 "On" 

- Filling of the conveyance system by opening of 

the hand valve Ox 2 

- Removal of a cleanliness sample with Milllpore adaptor 
with a filter and a flux of 200 g at the hand alve 
Ox 3. 

- Qualitative check of the filter for particle amount, par- 
ticle size and particle identification. 

- pressurization of the MMri-contalner wlthPT (HV-br 2 "Closed") 


5 ^ 



Pressure balance 


14,10 bar 


**E MMH 

ap diaphragm . 4,5 bar 

ao f5s - 0,3 bar 


18.9 bar 

17.9 atg 

(» For hot run 2+3 adjust values from hot run 1) 

- evacuation of the MMH-conveyance system through HV-BR 3 

( - 1 Torr) „ HV-BR 4 "Open** 

- Filling of the MMH-conveyance system by opening hand, 
valve BR 2. 


3 . 2 . Nominal operating conditions for engine 


m ■ 

ges 

3,54 

g/s 




r ■ 

1,64 

g/s 





2,20 

g/s 


(Turb.Nr. 

7191) 

*MMH 

1,34 

g/s 


<Turb.Nr. 

15732) 

*"e-o 

13.3 

bar 




^E-i 

14,1 

bar 



% 

• 

P 

c 

8,7 

bar 




Hot run 1 (reference 

test 

for which 

no blockage 

is expected) 


Test No. 02-2550/1 on December 16, 1977. 


3.3.1* Manual Recording; 

Temperatures in the tank 


Nominal value 
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Ice water temperature 




Balance reading 

KKH : 

n •hro 

Jc9 

Tank pressurization 

; 


atg 

adjustment values 

Kf-m ; 


atg 


- Equalization of differential pressure transducers 



- Check hand valves 

Ox 1 / 

BR i 

"on" 



Ox 2 / 

BR 2 

"on" 



Ox 3 / 

BR 3 

"off" 



Ox 4 / 

BR 4 

"on" 


3.3.2. Ignition of Engines 

- 2 seconds befoT*e Ignition, turn on engine Vlsicorder 
1 cm/s 

- upon ignition start engine time and print out in time 
intervals of 2 minutes (2x) 

- check the mass throughputs; if necessary interrupt 
engine operation (stop the time), if deviations in 

^ges and r nora are found. Throughput cor- 

rection by changing the tank pressures, 

- Observation of differential pressures. 

- Observation of temperature load on engine, espec- 
ially on the vacuum nozzle. 

Discontinue test for critical operating state. 

3 . 3 . 3 . Engine shut down at test time 

tqes • 1440 s Nominal time ■ 1^00 S 

- Vlsicorder "Off" 
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Manual Recording 


Nominal 

value 


3 .^. 


Engine temperature In the tank 


Ice Water 
Balance Reading 


Tank pressurization setting 

p _ 

- Reduction of T-o and 

- Close hand valves OX 2 and BR 2 


^ N^O 

4 


MMH 


°c 



°c 

^ 2 °< 


kg 

KilH 


kg 

N 2 O 4 


atg 

MMH 


atg 


OX A and BR k 

- Empty *^2^4 container 

Hot Run 2 (Test with contaminated ^2^4 according to 
Item 2. 3.?. 2.) 

Test Number 02-2950/2 
December 16, 1977 


3.4.1. Manual Recording: 

Nominal 

value 


Engine temperature in the tank 




Ice water 



®c 

0 -. 

1 



C 

1 Balance reading 

NgO^: 

'fZ, ft 

kg 

1 

1 

MMH ; 


kg 

t 

Adjusted tank pressurization 

N2O4* 

(t 

atg 

(see adjusted values for 

MMH : 

^7, iff 


Hot Run 1) 

atg 
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- Equalization of differential pressure measurement 
transducers 


Check hand valves 

Ox 

1 

/ 

BR 

1 

"on" 


Ox 

2 

/ 

BR 

2 

"on" 


Ox 

3 

/ 

BR 

3 

"off" 


Ox 

4 

/ 

BR 

4 

"on" 


3*^.2. Engine ignition 

- 2 seconds for ignition turn-on visicorder 1 cm/s 

- upon engine ignition start time and print out values 
in -ntervals of 1 minute (2x). Shorten intervals 
for throughput changes. 

- Observe temperature load-on engine, especially on 
vacuum nozzle. Discontinue test for critical operating 
condition. 

- Observe differential pressure, injection pressures 

and flux readings in order to evaluate possible through- 
put changes and whether these cause the beginning of 
blockage. 

- Let blockages which can occur in the conveyance 

system increase as long as the operating state of the 
engine is not critical because of the displacement of 
the mixture ratio. 

3.^.3. Engine shut-down 

3. ^.3.1. After blockage of the ^ 2^4 conveyance system has 
occurred 

Nominal value: 

*N20^ 0,44 g/s 

(accordingly 20 % • m « “Norn. ) 

*^2^4 

3. ^. 3 . 2. After an operating time of 

t - 1440 s 
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- Vislcorder "OFF" 


Recox*dlng: 

Engine Temperature in the tank 
Ice water temperature 
Balance reading 
Pressurization adjusted values 

Test time 

P P 

- Reduction In TO and TB 

- Close hand valves Ox 2 and BR 2 

Ox and BR A 

- If blockage occurs during the hot run; 
further sequence according to Item 3.^.^. 

- If no blockage has occurred during the hot run, 
further sequence according to Item 3.5. 

3.^.^. Blockage In the ccnveyance system: 

-- From the changes In the differential pressures 
or Injection pressure, determine the blockage 
location (filter, diaphragm, injection system). 

- Rinse the MMH-conveyance system with N2 with an 
open engine valve using the hand valve BR 3 
(observe BR fuel flux reading). 

- Remove much of the fuels from the engine and 
the conveyance system (hand valves Ox 4 and 

BR 4 In the conveyance system are closed) 
by connecting a gas jet pump through an adapter 


Nominal 

value 





■■ 

r 

"c 

N^O,: 



HHH s 




■/>, t 


KMH : 
t : 
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to the vacuum nozzle of the engine (valve open). 

•> after this, connect the vacuiun puiq> to the adapter 

- open the engine valve and evacuate the convey- 
ance system over ^8 hours 

p f 10“^ Torr 

V 

- ten^erature on the valve of the engine should be 
checked. At the beginning, make recordings at 
time Intervals of ten minutes. 

® if 95°C Is exceeded close the engine valve and 
open it again after the temperature as dropped 
and then record 

® after the end of the evacuation time close the 
engine valve and close off the adapter in the 
vacuum pump. 

S.^.^.l. Repetition of the hot run tes^ 2 Test No, 

Jecember 19, 1977 

- Pressurization of and MMH container. 

Adjustment values as under Item 3.^.1. 

- Evacuation of the or MMH-conveyance system 

(hand valves in the conveyance system HV-Ox 4 
and HV-BR 4 closed) through HV-Ox 3/BR 3 

- fold the *^2®4 conveyance system; 

Handvalve in the tank HV-Ox 2 "OPEN" 

Handvalve In the conveyance system HV-Ox 4 "OPEN" 

- fill the MMH-conveyance system: 

Handvalve in the tank HV-BR 2 "OPEN" 

Handvalve In the conveyance system HV-BR 4, "OPEN" 

- Manual Recording 
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Nominal 

value 


Fuel temperature in 

the tank 

J'kmh : 

- 9 

sr 

''c 

Ice water 




leg 

Balance reading 


MMH : 


Jcg 

Adjustment values for tank 
pressurization (see adjustment ^ ^ 


atg 

values of 3.^.1. ) . 


MKH 


atg 


- Equalization of differential pressure transducers 


- Check hand valves 

Ox 1 / 

BR 1 

"OPEN" 


Ox 2 / 

BR 2 

"OPEN" 


Ox 3 / 

BR 3 

"CLOSED” 


Ox 4 / 

BR 4 

"OPEN" 

Ignition of Engine 


t 



« 2 seconds before engine ignition-Vislcorder ”0N” 
= 1 cm/s 


- at engine ignition start time counting and print 
out values at 1 minute intervals (2x). Shorten 
time intervals if there are throughput changes. 

- Observe the following: Temperature load on the eng- 

ine, especially on the vacuum nozzle. Stop test 
for critical operating test. 

- Observe differential pressures, injection pressures 
and flux readings in order to evaluate througnput 
changes which could occur, whether these are caused 
by a beginning blockage. 




- allow (occurring) blockages) in the ^ 204 -- 
conveyance system to increase as long as The 
operating state of the engine Is not critical 
because of displacement of the mixing ratio. 

3 • ^ ^ . 3 . Engine Shutdown 


3«^.^.3.1. - When the *'*2^4 conveyance system is blocked 

(same blockage as before evacuation) 

3* ^.^. 3 . 2. - After an operating time corresponding to corr- 

esponding to the available N 2 O 4 

(Pilled in minus consumed ^2^4 for 

the hot run 2 « remaining amount for repetition). 

- Vlsicorder ”OPP” 


Recording: 

. Nominal 
value 


Puel temperature 


• 

• 

5 




• 

0 

S' 

°c 

Ice water 

J'H^O 

0 

• 

- ^ 

°c 

Balance reading 

N2O4 

« 

• 

^,tso 

kg 


KKH 

• 

• 

^0, 

kg 

Tank pressurization 

N2O4 

• 

• 

'f^,r 

atg 

adjustment value 






MMH 

• 

• 


atg 

Test time 

t 

: 

yyr 

-S 
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- Reduce **tO and ^TB 

- Close handvalves Ox 2 and BR 2 

Ox 4 and BU 4 

- If the blockages are successfully removed, empty 
Ox and BR fuel conveyance systems. 

- In the case of a failure, rinse MMH conveyance 

with GN 2 Filter) , ^2^4 Conveyance system 

is rinsed with a filter using distilled water 

at about 60°C. The rinsing water is captured in 
a clean container. 

3.5. Hot Run 3 (Test with contaminated ^20^ according to 

Item 2. 3. 2. 3.) 

This hot run is carried out if no blockage has occurred 
during hot run 2. Hot run sequence is the same as for 
hot run 2 (item 3.^.1. )• 
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I Gwnfnwjd'j / Stichwotl / Typi'/7.-Nr. 
i Tuning Diaphragm Speclflcatlona 

\ njornoly:^ 


Dj: 


-Page 


7f 


von. 


jt- 


a/3 Nr tCz 


[ Ofdtr 

1 

2 f 

3 1 

4 

s 1 

6 1 

7 

i AUl. 
f 








|> Ncrae 

Vr l^rrmi^ 



•• 


• 

• . 


li- ^ / ■/• 

Regarding ground test for Investigating MV2 anomaly according to 

2u.r C>tM,(<AllAcCt«M4 *ttk h‘\/ Z— 

TN"*nT“ 7/77 • C ’ ^ - II ( t ^ 

. T7/-K/ js.//jr^ 

Tuning Diaphragms • 

according_Jp TN RC 31 - 65 /^^ (Tuning (Illegible,)) 

. . w »i'<t j 1 i'Jl, ( Ci7«a /Vt'jJ 

we find the follo^i^g flux_^luM for the diaphragms 

</irjfJ>c^ J«cA )'fc/jOcCv.n. fli* c^C # 


;i/ 


2 tb<iw« ^ 


• •■‘tV 


■77:/ 






'il 


tir 


• 

• ‘ • 




( 

• 

• 

_{_^/#MV/fC«x -■ M. 

r*0 

1 

» 

1 



Vj^. 21,0 

1 

3 


/ 1* 

'Ki > 



oeliu^' 





/ )*. ^ 
V "'V y Sno.J' 




hctr 


; <■' • •! it f\/ 

■"' f ,*r* /*/ S 

•10 


Nominal throughputs; 

V 


•y> t. 


7ciS 


Cm I,i.e,5 




/v /’/-<< f *. - /> , 

Tt y f 


• 3.5« i-4 
»,6*» 


»TF 


Specification 

Vt-f ' 

• \ 1 


i,v n* 


Cc 


lT» n*., 

tiT 


,2«» Vi 


■<»;...(., I • '/ 

(illegible) 






j * - — • <1,2- - lisr '.<^3- 

/>r \ «,t*53y 2f.U. ■ gr.iTr-rr.rrs . ' 

✓ 

— 1 ^ » 5” Kct , S-f J 

” V :ec, ff.r.-..i.-.-.-,r; 

6U • •" • 







according to SAE ^ 

Actual value greater than (illegible) SAE 

Sol .1 .f •' j r iU.;t r i.cS a d cucV.nA*iii»; ; .i;j ! '. 

Nominal value for operating pressure demonstration; 

Isr. ; 

Actual 

Soil fur Dichthcitsnnctwoig;*; Nominal for air .tightness 

yy yy .(Jemonstration; 

■1st • f r/-- ^ 

i'c^y/T? • • 

Nominal ; 

* 

M g d I u fur Uni r; i ic i t s r;ri tilvM q i .5 ; j i c f> f L' f> d r> <• I 

Media for cleanliness demonstration; Isoproponol 

Mccixon fur r.i obtidrucUnnchwoJ.s ; 

Media for operating pressure demonstration 

Hodion fiir Diclit l io It.snucUwois ; t\l i . t\' ft 3 . i/ 

Media for air tightness demonstration: line Ng 

Clieiniaclio Reinhcit mit DraVorrolirchoh^ CeprUi’ 

iat; Rcotir.on.'jon von 

Chemical purity with tubes. ••••••. tested 

Nom..nal: Residual amounts of... ’ . PPm 

Die Kilt "QS“ versohenon Sollworto sind voxi dor Q3 
I'.ucliJcuwMiscn, 

•l^e nominal values with "QS” have to be* demonstrated 


by the QS. 
-Muitdin;;- 
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-hr nun- 





Orcltif 

1 1 

f 2 1 

3 1 

4 

5 

6 1 

7 

Abr. 








Nom« 









AuDonila)ia Lampilclihouion j 

CM»fiMun(j'/S»ir.hw<»*l/rype/Z.-Mr T.' ] S 

* * • T^^6aftfl• tests *fcnr lnvestlft*ftlng ‘Irhe •MV-* anomalie 


j y <•>' .1 b •' r if 

W~T7^; 






Name : HG 

Dnncnnun 


Ztem No* ^ 

Sach-Mr. ; <? r J ^ 

Component No, , 
Bautl.-Nr, ; /f^ 

Fabrication No. 
Fabr .-Nr, t 


To : 

Ho hr ; 

« 

Nominal value for cleanliness demonstration: Class 

Sojj ftir n«;inhci tsKaciiv-'-iis ♦ XI as so nach SA2 

1ST; Jl/y. 

according to SAE 

Actual value greater than (illegible) SAE • 

Soli s-jlr Botriehsdruckrurchvclr : 

Nominal value for operating pressure demonstration: 

Actual : 


Soli fiir Dichthei tsnachvois : 
Ib’T ; Ay 

Nominal : 


Zt:/f 7 ^ 


Nominal for air tightness 
demonstration; 


ftodlen filr Heinheltsnachweia ; ( t 6 P<y P c CffiO.) 


Media for cleanliness demonstration; Isoproponol 


Mcdion filr PotriobsclrucknaehKois ; 

Media for operating pressure demonstration : 


Modion fiir DichtheitsnacJivcis ; , /V f/c, , 

Media for air tightness demonstration: li*ne N- ’ 

a ■ VX ^ ^ ^ 


Chemlsche Relnhelt mit DrKgerrbhrchen ^ geprilftt^, 

.Chemical purity with tubes. tested 

1st; Rastmont^en von 

Nominal: Residual amt>tihtb*6f;:;; ppuf 


Dio mit QS verschonoii Sollwarto aliid von dor QS nach> 
zuwciHon. The nominal values with ’’PS*’ have to be demon* 
strated by the QS. 


-Murdinc- -Draun- j 


I 
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' jm 


mil Hunim^ 

Aurionslollj Lain,'34lii>Snui«n 


/UIIK-1IIVJ o 

TN-RT353-5/77 


AuuMiMr 

hr-' zb/ t’ti 


Utfunnwig / Sliwhwui I / Typs / Z.-Nr. 


A'L’~rf vrT: :c s 


for; Ground tests for Investigating the MV 2 anomaly 
ftir: J / ,t t / i ' < 2 ur U /%} f /"t v>*V 




Laf. 




Name; N-Oh HO container. 8 ^ 

Dononiiun.-'-: nzV^, 'HG “ 


Item No, 

Sfich-Nr, ; g 6 I Ku 4< - 

Component No, 

Dautl .-Nr, ; 


k u s ^ u 


Fabrication No. 
rat> r . • N'r , ; 

To: 

P.obr : 


O.'dor 

1 

2 

3. 1 

A 

S 

6 

J_i 

7 







1 

.Nciiiia 






1 


tf 


Nominal value for cleanliness demonstration: Class 

Soil fUr RcirtUal'ti.^niohv'i.* is ; K Las so iiacli SAl^ 

/o'- ^ 

Actual value greater than CiU'egible 
better than Class 1 according to SAE 

Soi l i'iir Got f lebsdruclcMchv/ois ; 

Nominal for operating pressure demonstration: 

1st: 




11/28/77 


’ according 
■ to' SAE. 


Nominal; 

, Nominal for air tightness demonstration 
So.ll fiir Dicht)\e:ltsnaoliwei 3 ; 


1 st : /cv' 

Nominal 


Utt.f? 


Mud L n fur R e i nhe i t s n.'icluif c x s : i : c/>/'v ^ a /• t i 
Media for cleanliness demonstration; Isoproponol 

Medien fur Betriebsdrucknachwoia ; 

Media for operating pressure demonstration; 

>ledien fur DicUtheitsnacliwpis : Ni. N ft 2 , • ' 

Media for air tightness demonstration: line N 2 


ChoBiiacho Reinlioit init DrlfgerrbUroUoh ‘ geprUf 

Chemical purity with tubes tested 

lat J nostmongen von ,,,,,,, •,*••,, V'pm 

Nominal: residual amounts of..* ppm 


Oia mit •QS" veraolionon Soilwerto sind von der QS 
naciiauwulson. The nominal valties with "QS" have to be 

demonstrated by the QS. 

-Mumling- -rir,iun- 





Name: 

Donennun.-;: 


i // 


Item No. 
Sa=h-N*r.t 
Coraponernr N6. 


C9^ 


Ku 4 - N 2. 


liauhl .-i?r. : ^ , 

"O' 








Nominal value for cleanliness demonstration; . Cleanliness 
Soli fUr Rs iTtaoitsn.'iolivais : Kiai*se tiach SA’ 



/c.^- 'f ifitC 

79f/.yfi 

better than class 1 according to SAE 


'according to 
SAE 


Soli f'-ir ao<.rj.«al».odrvjc!<:t.?>ctivais: 2 

Nominal for operating pressure demonstration: 

Tst: 


Actual 

Soil fiir D.lchtheitsnachweis ; 

Is+- 

Actual 


Cft*(cv Nominal for air tightness 
test 


MqrHon filr HeinliGitsnnchweis : A/ ^ A* r U * ^ 

Media for cleanliness demonstration: line N^ 
Medieii i^Ur r.ctr3.ebsdrucknaciweis i 


Media for operating pressure demonstration; 

Hnclien fur Dir.Utheitsnachwets ; ' ' 


Media for air tightness demonstration line No 

Chewischo Rcinhoit mit DrUfsacrtHirchcn « goprU.' 




slml v.n d.r <1S 

iinclixuwniscn. The nonlnal ralues with "QS! have to be 
derwnstrated by the QS. 


-Munding 
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Component No, Ji 44 

Bautl.-Nr, : 2 • 

Fabrication No, 

Fabx .-N'r , t 

To; 

Rolir ; 



Nominal value for cleanliness demonstration; Class 

Soil flir i;uinhoitsnacht/3ift ; KIa>su naoh SAil 

1st; ^ 

Actual: better than class 1 according to SAE 

Soil fur 3e trisbsdriickno.ohvcis ; / • 

Nominal value for operating pressure demonstration; 

1st; 

Actual 


Soli fi;r Dlchtheitsnuchweis ; Nominal Value for air 

tightness demonstration 
1st: j 

2 f t/. 

Nominal: 

Msaion filr neinhe_itsnachwoi.s ; isc preftcnti CipQj 

Media for cleanliness demonstration 

Metlicn fiir BotriebsdrucHnarhv»;is ; 

Media for operating pressure demonstration 

Medion fiir Did tlieitsnar.hweis : A'.-*' u,i. / 
ucrz ^ uutjt. 

Media for air tightness demonstration; line N2 

Die nit “QS'' vorsohencn Sollverte sind von der (JS 
nachcuwoisen. The nominal values with "l|S" have to be 

^ife tnKei^^ DrtteerrdhrcUen geprUf t , 

Chemical purity with tubes, ., ,tested ••••• 

1st: Resittonsen von 

Nominal : Residual aisdunttf vf V#V«* ••••••• 


-Mundinc* 


-Braun- 


isn4.*Anuno / Sti«.hwart / Type / Z.*Nr. 






Q S - M A C II VETS 
QS DEMONSTRATION 


PAGE 


St — van 


] OM^! 

1 

2 1 

3 1 

4 

m 

■ 9 

6 1 

7 

j Ab>. 








1 Nsma 






■HHI 



Name : 


nf>nonnun. :ij. • Q n^hs Ltdu>^ ^ ^P»S 

Item No. H 0fjrueA>f»^y, 

S:ich-Nr. : 

Component No: 

Daut?. .~I>r ♦ ; jf ^ 


To : 
I»olir: 


Nominal value for cleanliness demonstration: 
Sol I fi.lv- nolitUoi i.s n noh’vats': KlAcise 

15,, s^e 

Actual: better than class 1 


Class 

uach SAI 
according to SAE 


according to SAE 

Sol.l fiir Bo trii'bfiilrv'cV.nachwoi.t : 7/V<V' 

Nominal value for operating pressure demonstration 

Tst : 


Actual: 

Soil fiir Dichtheitanachwels t 4 C- Oc-vr 
1st : £,0 6^^ HTJr-r 

il/f.77 


Nominal for air 
tightness demons- 
ration . 


Actual 

^^sdiv•>r^ fiir Rainhcltsnaclurel.i: hlz . 

Media for cleanliness demonstration; Line N 

2 

Median fiir Bctr.lebsdrucscnachweis t 
Media for operating pressure demonstration; 


Medien fur Dichthoitsnachweis t A/y»y / 
Media for air tightness deraonstratroh ^ 

Clicmischo noinhoit inlt Drti>crryhrchoh **2 

Chemical purity with tubes ••••tested 

1 st; Reatr.eiicen yon 

Nominal: Residual araoiwiOw 


(jcprlif 
ppra ' 


Die mit "QS" veraelionon Sollvorte eind ron der QS 
iiachsuvelseii. nominal values with^QS" have to 


be demonstrated by the QS* 


-Mundinc- 

-Draaa 
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/Vjiii.tiur 


// /■ «* ♦"^ ■' «* . 


1 ^ 


£ :n jfiii'jng / SiiJit /art / Typa / Z.*Nr. 

for 


t> S - X A C H l; ECS 
QS DEMONSTRATION 


Page 


1 O.'dsf 

J 

2 1 

~3 — r 

4 1 

5 _ 1 

6 "1 1 ■ 7 

j Alt. 






1 

1 Noffld 






1 


Uef. 


.tLT/ 

8laW..^„.. <aa_/ 


Name: Test design on eiQ® 

nnrtgurittn,;;t ai^tt 


Item No. 

Snell -Nr. : 
Component No: 

Dautl ,~Nr. ; 

Fabrication No.; 
Fab r.- Mr. : 


I •• 
I 

n 

• h 
•I 


- * Housing •< 


Ro 

To 


xp^ HC H e,C4” y 4c OP 


myrt u4 


V 


f 

u 


Turin‘S >’'■ » Lt C'C • irttiii tjy 7491 

llTnifv'alVe''' ' 1 

.. „ . , , . Nominal valtje for cleanliness demonstration! 

Soil t ur ixc mild c.snn»:1tvei.s ; Kiasse nacii SAE ‘ 

fi,Mr 4nrf according to, 

>y 'SAE 

Class 

V ^ • 

*• 1 
I 

; .1 

: ■ r 

■ i 


Actual: better than 

according to SAE 

Soli liii* Ilatr.j.ebadr-vicVn.ichvai.-> : ... 

Nominal“value for opefatlHg pressure demonstration 

1st; 


Actual 

Soli fur DicUthc.itsnachwsls ; 

^ominal for air tightness demonstration 

Xctual 


Mad Ion fur Reirriioitsnachifeir. : / 1 ^ » z’ * ^ 

Media for cleanliness demonstration: 

Medien fiir Dot riebsdruclvnaciuzeis ; 

Media for operating pressure demonstration: 
Medien fiir Dichtheitsnaclweis ; /l/-; Ntf» - Lf^ 
Media for air tightness deroonstatlon: Line N2 

...... 

1 st: Uustnencon von 


; j 

I 

h 


geprUft ; 

. M 

Nominal : Residual amounts of - - i 1 

Die nit "QS” vorsohonon Sollwerto sind v*>n der QS 
^clisuweisen. jjje nominal values .with "QS” have to 

be demonstrated by the QS. 

-Mundin/'o ^ — Uraun>» 
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j d tn jftn'ing / Stl«;h woi > / Typs / 2.>Nr. 
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1 Order 

-Or^ur|d by to-jfc 


wvg annm|u 

e — 1 , — 

6 1 
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1 






” 1 Nome 
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ti i * j i* f* y 

U f4jy 
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Name: Test configuration on,NMH side 

nenoarmn;:: HMH 

Item No: 

S ach~Nr, ; 

Component Nr. 

Paiitj ,-Nr. t 

j^^bric^tlon Nr. 

tube 


Turhi n «• ; r iA" Op <* ■' •*'<■ //f 7 A J 

■ if - V 

i j band valve 

* Nominal value for So l.!, nir Rnlnhcitsp-^ohu-f^i? 
cleanliness demonstration 

% 

I 1 


Class 

KLa^se 


according to 
uach SA£ 


Actual: better than Class 1 a^o^di^ to SAE 


SAE 


1 


1 

1 

i5 


1 


I 

j 


Sol.l fur 3Qt:rj.eb3d.-ru c '!<.-i-?>«jhwcis : 1 • 

Nominal value for operating pressure demonstration: 

I.st ; 

Actual: 

Sol.l f<;r Diehtlieitanachw o la 

Nominal for air tightness demonstration; 

Is t : 

Nominal: 

Med icq fiir ReInUoit:r.nnchwei.«<t \i . r> fta 
Media for cleanliness demonstration: 

Mod ion file Pet ricbsdrueknnchwels ; 

Media for operating pressure demonstration: 

Medien fiir Dichthoitsnacliwcis ; A'^. /V 

Media for air tightness demonstration; line N 2 

Chcinischo Rdinhoit mi t Drtffforraiircheh * JcAnrUft 

Chemical purity with tubes .... tested.** ••••••*••• • ^ 

Istt Reatmcnf:on von 

■ minal Residual amdvtrTttf trf.*.*.*.* ••••••••• •• r** 

Die nit •*QS" veraohenen Sollwerto aind von der QS 
naclizuvoXson. The nominal values with ’’QS” have to 


be demonstrated by the QS. 
•Munding- 
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li<w)Uk.halt nitl titivKiaiiklaf Hanuiig 
AunAiit)>)l« lamp«lilshawittii 


• wmi.iitt| I. ..U 

TN-RT}53-S/77 
Appendix C to 


jlanannuiiQ / Stichwort / Ty pt / Z.-Nr. 

Evacuation 

Evakuieren / Pos. 3.4.4 TN RT 353-5/77 
MV2 - Anoiaalie 


Norn* 


Atiulelier 

Dcc\un 

‘^**16.12.77 

B1.30 

I 11 7 


- J _ 1 

2 13 1 

4 i 

5 1 1 

* 1 1 




1 1 




• 


bridge through the resistance of the coll. 

Die Temperatur am Trlebwerk wird mit elnec MeDbrUcke Uber den 

Wlderstand der Spule gemessen. 

= 331 Ohm ^ 95®C . 

max 


Temoeratur an der Ox-Blende, Soil 20°C 
Temperature on the OX-diaphragm Nominal 28®C 

Betriebsspannung fur Trlebwerk 27 Volt DC 

operating voltage for Engine 2/ Volts DC 

Monitoring Resistance of Temperature 

— -rfi'dii ar* or " a i aBn r agft *■ 

Uberwachung Wider st. Temp, an Vakuuin Remarks 

Time Spule Qx-Blende Bemerkungen 

Dat. jUhrzeit [ohmj f’c} [Tori^ 


Name 


Dat. Uhrzeit LOhmJ 


^S*£ -/rr 

• Evacuation interrupted 


//Cf- 


l?'^ i('1) 

;?/?- <U. 


^t*'C 

Suet .on line ^imJC**f*»* 

cantaiiinated //M p#.*/ 
from ( engine to ^ i 

reclp ent wlthi - , / ^ I 

a broim liquid J 

Enjlne va^ve closed 

c,f 

/tif* • f 

V 

Engine 'Valve ojen ^ 

2'l.S C ix'-'' (, ' i, 

Joll 'si^i^lar e reliteliV'fife^surec 
bulb^ 4 ei . cloAer A//r* 

O > S • ■ _ _ ^ ^ 


< H' <( t yjr/r '' 3011 Bi^^lar epnenv me 

• r,f^» — Heating (light t^blbM 81 cloaer 

\ f'f ^ €i ^ «/»v»///»f»t. |23pc 73 










7. TEST INSTRUCTION/TEST REPORT FOR TEST SERIES 2 


75 



Pro.loct Definition: 

k V. /fffUy, M' 

k A*tl, • 

hbtt Report : tn RT 353-1/78 

Author: H. Czalka 

Division: RT 35^ 


Title : 


Date: 


Test Instructions 
Ground Tests for Investigating 
the MV 2 anomaly 
Second test series 

1/18/78 23 Pages 

Appendix A 
1 page 
Appendix B 
7 pages 
Appendix C 
. 3 pages 


Summary : 


Extension of test report: 

Experimental values recorded on Pebrujufy 13, 1978 


Ch^ulge : 

3*5. !• was added, page 23. 



1. Summary 


In order to Investigate the MV2 anomaly (TN RT 353-7/77) 
hot runs with the 10 (I-Englne were carried out. (In the 
atmosphere) . 

In the present document we specify the required steps for 
preparing and carrying out the hot run tests. 

Test 1: Reference test for which no blockage is expected 

Test 2: Hot run test for which ’'*2^4 is used with the 

chemical con^osltlon specified in item 2. 3.2.2. 

Test 3: Is only used if during Test 2 no blockage in the 

N2O4 conveyance system occurs. In this hot run 
the Fe-Nl -Nitrate component in the N20^ is increased. 

2. Data on the Test Specimen and Test Installations for the 
Hot Run. 


2.1. Test Specimen: 


- 10 N-Englne 
with valve 


SYS 2451 Bt. 

Bt. 


Nr, 35 

Nr. 44 


- Original fuel conveyance lines (line cross section and 
length) with the filter and the diaphragm according to 
the HG system engine H4 (Sketch Page 8) in the conveyance 
line between hand valve OX 4 (BR 4) and the engine. 


2.2. T^st Configuration: 

The test configuration (sketch page 8) is done according to 
TN RT 35-7/77 . All of the components of the conveyance 

system and the fue.' containers are cleaned according to 
TN-RT 353-1/77 cleanliness is demonstrated ujing 


77 


the Nllllpore method (without QS documentation 


2.3* Fuels and Fuel Amounts 


2, 3*1* NMH: (Demonstration not required) 

Amount of fuel to be filled: 6300 g 

(for an expected test time of 3 x 24 min) 


2.3*2. Distilled ^ 2^4 following chemical composition 


2. 3.2.1. Hotline 1 


H 2 O Equival. 

wt % 
Solids 

mg/1 ^10 


Nominal value 
according to NIL~ 
Spec 26 539 


~ 99,5 
^ 0,17 


Actual values 


9i3i 

0,11 


The solid fraction is determined quantitatively through 
l/«»'Millipore filters using 200 g , Par- 

ticle distribution on the filter Is not" determined 
(see test sequence). 


The amount of fuel to be filled: 3500 g 

Number of particles, actual value: Cleanliness Class 2 

according to SAE 
January 20 1978 
signature : Muller 

2. 3 . 2. 2. Hot run 2 

« 

Distilled with the following chemical con$>osl- 

tlon is used: (gee data of TN-RT 353-7/77 ) 

HNO^ wtJ5: *98 wt. % x dest. (Purity see Item 2.3.2.\«) 

0«64 1 wt. % HgO dest 

HgO free 1 wt. ^ Kaltron MDS 113 

wt. %: 0.02 20 mg/1 Nitrate Mxture: 50 wt ^ Fe-nltrate 

HNO, +free H-O gives an H^O equivalent 50 wt.* Nl-nitrate I / ta 

of 0.11 wt. *. Responsible for Item 2. 3.2.2. RT351 Mrs. Kell 


Total amount of Impurities ^ 

« 3430 9 {± balance air) 

deat. ' m 35 9 . 

Kaltron 113 MOS.;« 35 9 


^ 2^4 


HjO 


Fe-Nltrate 

Nl-Nltrate 


■ 2 i |.2 mg, 

■ 2^,2 mg. 


S 9 


2. 3. 2, 3* Hot Run 3 (Is performed If no blockage Is found during 

Hot Run 2. 

Distilled ^ 2^4 with the chemical composltlpn as under 
Item 2. 3 *2. 2., but the Pb-Nl-Nltrate fraction Is Increased 
to 40 wg/i 

For 3500 9 we find; 

Fe-Nltrate • ^18,^4. mg, 

Ni-Nltrate ■ 4l8,4| mg, 

2,3.3. Filling of the ^^0^ and MMH-cont miners. 

2, 3. 3.1. MMH-Contalner; 


2 , 3 . 3 . 2 . 


Fill the MMH using a 1^“ Hlllipor« .Filter and filling 
is controlled by weighing. Ventilation on the container 
is only opened If over pressure existd in it In order to 
avoid entry of air. 


Filling of the '^2®4’ 


container 


Filling of distilled *^2°4 through a Mlllipore 

filter and filling Is checked by weighing. Ventilation 
of container only when over pressure exists in it in 
order to avoid penetration of air. When producing the 
mixture for Test 2 and Test 3» Impurities (H 2 O and freon) 
are mixed by weighing ( Filter 2^t>* ). A 20 kg bal- 

ance is used for this (1 scale division « 3 g). 
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Sequence ; 

- Determination of the empty weight OB of the 

- container (residual *^*2^4 emptied) GB ■ kg 

> filling of the Fe>Nl-Nltrate mixture weighed separate- 
ly on an analysis balance. 

- filling of the Kaltron 113 MDS or the amount of water 
separately on an analysis balance. 

- weighing of the distilled ***2^4 

- mixing of components by shaking the closed container 

- before filling in the ***2®4 into the container for 
hot run 3 the container Is cleaned acccrdlng to 
TN-RT 353-1/77 

Measurement location plan 


Measurement 

4 pi 

Range 

0-7 bar 

1 

1 

Recording* 

V, D, A 

Remark 

Qed. lOO^vF 

Ap2 

0-13 bar 

V, D, A 

• ! 

ged» lOO^P 

"l. 

0.- 20bar 

V, 0, A .. 
• 

gid. 100^ F 


0 - 9. bar 

V, D, A 

• 

• 

ged. lOOyCuF 

, 


Hz 

D, A 

• 

Valve signux 
Engine 

Time 

Hs 

. • C, A ■ ' ^ 

• 

V 

I • * 

* • 

Pressure 

mark 


0. A 
V 



V-Vlslcorder, D-Prlnter, 



Pressure measurenent 4 pi • ^ . 

transduoers 

Ap2 CEt fVP 4 - 351 - 005 

CEC 4 - 326 - L 226 

COX 6*00 N,0. 7urb.Nr. 7191 

Turbine flux meter • ^ ^ 

COX 6-00 HMH Turb.Nr. 15732 

Calibration of pressure 

transoucers using a PySM Filter Cnor' 

3. Test Sequence 


3.1. Preparations 

- Addition of the fuels (Item 2.3.3.) 

- Calibration and Installation of transducers 

- functional test of engine valve 

- air tightness test of the entire conveyance system by 
applying a load through KV-0X3 (BR3) and GN2 » 10 bsTi 
(Filter ^m) 

- filling of the basin with ice water 

- pressurization of the H 2 ® A container atP^ (HV-0X2 ''CLOSED”) 

Pressure balance 

dlaphiagm • 5,0 oar 

A p f5s • 0,5 bar 



13,80 bar 
17,eC 


- for hot run 2+3, adjust values frera hot run 1 

- evacuation of the conveyance system by means of 

HV-OX3 , ( do,l Torr) KV-OX4 ”0N” 

- filling of the 312^4 cenveya.ice system by opening han<//'' 
valve Ox 2 


31 




MMft*M>*** **M************V^ fl 


TK RT 353-1/ 7a 


aiAtt 6 






- removal of a cleanliness sample with a Millipoz*e 

adapter with Filter and a floor mount of 

200 g on the manual valve 0X3. 

- qualitative check of the filter for particle amount, 
particle size and particle identification. 

- pressurization of the NNH container at FT (ffV'.>BR 2 


"CLOSED") 

Pressure balance 


MMH 


14,10 bar 


- ‘ 4,5 . bar 

diaphragms 

ap f5s - 0,3 bar 


18.9 bar. 

17.9 atg 


• For hot runs 2+3 adjust values from hot run 1 . 

- Evacuation of the MMH-co veyance system using 

( ^1 Torr) HV«BR 4 ’ "CLOSED" 

- Filling of the MMHi-conveyance system by opening 
handvalve BR2 , 


3.2. 


Nominal operating conditions for the engine 


^qes 

«B 

3,54 

9/s 

« « 

m 

1,64 

o/s 


■ 

2,20 

9/» 


m 

1,34 

9/s 

**E-0 

m 

13,3 

, bar 

^E-B 

m 

14,1 

bar 


m 

e,7 

bar 


I ( 


(Turb.Nr. 7191) 
(Turb.Nr. 15732) 
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3* 3* Hot Run 1 (Reference test for which no blockage Is expected) 

Test no. 02-2953/1 1/20/78 

3*3. !• Manual recording: 

Nominal value 

o 

Fuel temperature in the tank ^ 

l ’ 6 ‘ ®C 


Ice water tem. erature 


* V 

• * 

®C 

Balance Reading 

NjOd 

» -ff, w 

kg 


MMH 

. ntr . 

kg 

Adjusted tank pressurization 


atg 

MMH 

- Equalization of differential pressure 

/ - • . 

» ifX 

measurement 

atg. 

transducers . 



• 

- Check: Manual valve 

Ox 1 / BR 1 

"ON" 



Ox 2 / .BR 2 

"ON" 



Ox 3 / BR 3 
Ox 4 / BR 4 

"OFF" 

»»0N" 



3.3.2. Engine Ignition: 

- 2 seconds before engine Ignition - Vislcorder "ON" 2 
upon engine Ignition start time and print out values 
at time Intervals of 2 minutes (2x0 

- check the mass throughputs: If necessary Interrupt 

engine operation (stop the time). If deviations In 
*ges and r nom are found. Throughput correc*. 

tion Is made by changing the tank pressures. 

- observa*^ cn of differential pressures 
observation of temperature load on the engine, espec- 
ially on the vacuum nozzle. 

Interrupt, test for critical operating state. 
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3«3*3* Engine shutaown for the test tiae 

^ 9*8 " * Nominal time ■ 1440 second 

- visicorder "OFF" 

- manual recording: 

Nominal value 

Engine temperature in the tank . ®C 

A^mK * r ®c. 


Ice water 
Balance reading 


./’HjO ^ ®C 

a 

"a®4 >'9 

• * ♦ 


KMH yij kg ‘ 

Adjusted values of tank .. ^ ^ 

pressurization . ^ ^ atg 

imH 

- reduction in *^T-0 and **t-B 

- close hand'v dives OX 2 and BR 2 

OX 4 and BR 4 

II 0 • 

- eiqpty 2 4 container 


3«4. Hot run 2 (Test with contaminated ^2^4 according to Item 

2. 3. 2. 2.) 

Test No. 02-2953/2 
January 20, 1978 


3.4.1. 


Manual recording: 

Fuel temperature in the tank 


Ice water 
Balance reading 


Nominal value 

J-nm * ^ 

]/hj,o * ®c 

»*2®4* w Icy 


KMH : 

Adjusted values of tank pressurization ^ 2 ^ 4 * ^ 

(see adjusted values for hot run 1) MWH t iJTt^ atg 
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* equalisation of differential pressure transducers 
Check manual valves: Ox 1 / DR 1 "ON" 

Ox 2 / BR 2 "ON" 

Ox 3 / BR 3 NOPF" 

Ox 4 / BR 4 

3. ^*2. Engine Ignition . 

- 2 seconds before engine ignition - Visicorder **0N" 1 

- start time upon engine ignition and print out values 
at 1 minute Intervals (2x). Shorten Intervals if 
there are throughput changes. 

- Observe temperature load on engine especially on the 
vacuum nozzle. 

Discontinue test for critical operating conditions 

- Observation of differential pressures, injection 
pressures and flux readings in order to evaluate pos- 
sible throughput changes and whether these are caused 
by the beginning of blockage. 

- allow blockages in the *^2®4 conveyance system to 
increase as long as the operating state of the engine 
is not critical because of the displacement . of the 
mixing ratio. 

3.^.3. Engine shutdown 

3.M.3.I. After blockage of the **2®4 conveyance system has occurred 

Preference value 

*»2®4 9/» ^ X»p/a 

(according tc 20 % • ^ Mom.) 

"2®4 

3. 4. 3. 2. After an operating time of 

t - 1440 a 

- Visicorder "OfP" 
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Recording 


Fuel teoq>erature in the tank 

Ice water temperature 
Balance readl^ 


Adjusted tank pressurization 
Test time 

p 

- Reduction in **tO and TB 

- Close manual valves OX 2 and BR 2 

OX it and BR 4 

- if blockage occurs during a hot run; 
further sequence according to it^m 

- if no blockage occurs during the hot run: 
continue sequence according to item 3<5* 

3, it. 4. Blockage in the conveyance system 

- from the changes in the differential pressures or 
the change in the injection pressure, determine 
the location of the blockage (filter, diaphragm, 
injection system) 

- close differential pressure can with d//, 

closed and close the connections using blind screw 
connections. 

« let ice water run out of the pan. 

- open HV*aR4 and evacuate MNH conveyance ayatem 
through HV4BR3 (p s 0,1 Torr) 


Nominal value 






‘ •• 


\ 


MMH ; f-fMa 

. .kq^ 

H 2 P 4 : /i5/ 

atg 

. KMH 

atg 

t V ^40 

a 
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- Rinse the NMH conveyance. system with N2 with open 
engine valve through manual valve BR3 (flux reading 
BR Is observed). 

- fuels are removed from the engine and the conveyance 
system for the roost part. (Manual valves 0x4 and 

BR4 In the conveyance system are closed), by connect- 
ing a gas Jet pump through an adapter over the vac- 
uum nozzle of the engine (valve open). 

- after this connect the adapter to a vacuum pump. 

p 

- Manometer vac is connected ahead of the filter. 

- Open the engine valve and evacuate the conveyance 

system over 336 hours ( 1 * ^ is recorded), 

p m 10"^ Torr 

V 

- surrounding temperature in the pan and the texqperature 
on the filter are recorded. 

- temperature on the engine valve is checked. At the 
beginning record at intervals of 10 minutes. 

® if 95®C is exceeded close the engine valve and 
open it again after the ten?)e:"ature drops and then 

P 

record v • 

® after the end of the evacuation time close engine 
valve and close off adapter an. vacuum pump (cal- 
ibrate Aff, Sfii ,'Pi, Pc 

° close manometer Pyac 8ind connect pressure can ^pl 
pressure cans ^$Pk connected. 

3. 4, 4,1. Repetition of hot run 2 Test No, 02-2955 

February 2, 1978 

N 0 

- pressurization of 24 and MMH containers 
adjusted values as under 3.4.1. 

- evacuation of theHV-Ox 4or MMH conveyance system 
(manual valves In the conveyance system 2 

and HV-BR 4 are open) through HV-Ox 3/BR 3 ( 0,1 

Torr) 
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- rill the N2OJ1 conveyance Bystem; 


Manual valve on the tank HY-Ox 2 "OPEN" 
Manual valve on the conveyance system HV-Ox 4 
"OPEN" (Check) 


- fll3 the MMH conveyance system: 

Manual valve on the tankHV-BR 2 "OPEN" 

Manual valve on the conveyance HV-BR 4 "OPEN" (Check) 
Manual Recording: 


Nominal value 



^ W2O4 * 



Fuel temperature 

in the tank ^ ^ 




MMH l 

. 


Ice water 

* 

z 

*>c 

• 

Balance reading 

N2O4 , 

iO, APf 

kg 


MMH 1 

ft trr 

kg 


" 2»4 




Adjusted values of tank pressur- * ' atg 

Izatlon (adjusted value Item 3.^.1.) MMH : Atg 

equalization of differential pressure transducers 
check: Manual valves- Ox 1 / BR .1 "ON" 

Ox 2 / BR 2 "ON" 

-OFF- 

' -ON- 


Engli.e ignition 


- 2 seconds before engine Ignition - Vlsicorder "ON" 

•> 1 cin/s 

*• start time at engine ignition and print over time 
Intervals of 1 minute C2x). Shorten time Intervals 
for throughput changes. 

/ 

- Observe: temperature load on engine^ especially on 
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the vacuum nozzle. 

Interrupt test for critical operating conditions. 

- Observp differential pressures. Injection pres- 
sure and flux reading In order to evaluate possible 
throughput changes and whether these are caused by 
a (beginning) blockage. 

II Q 

- blockages which occur In the 2 4 conveyance 
system are allowed to Increase a$ long as the 
engine operating state Is not critical because 
of displacement of the mixing ratio. 


3 . 4 . 4 . 3 . Engine shutdown 


II Q 

3. ^.^.3.1. - for blockage of the 24 conveyemce system (same 

blockage as before evacuation) 


3. ^.'<.3.2. 


- after an operating time according to the available 


NjO 


(Filled in minus consiuned **2^4 

hot run2 ■remainder for repetition) 

- visicorder "OFF” 

- Recording: * 

value 


Fuel temperature 

Ice water 
Balance reading 

Temperature pressurization 
adjusted values 

test time 



• 

• 


c, 

w 

^KMH’ 

• 

• 

• 9 

* 

®c 


• 

• 

• 



• 

• 



KKH 

t 



N2O4 

t 


atg 

HriK 

1 


atg 

V 

t 


a 
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p p 

- reduction In TO and TB 

• closed manual valve Ox 2 and BR 2 

. Ox 4 and BR 4 

• if blockage Is successfully removed, empty 
Ox and BR conveyance systems. 

« In the case of failure rinse NNH conveyance 
system with ON 2 'C^iur Filter) • ^2^4 

conveyance system Is rinsed through a^M«* Filter 
using about 60*C warm distilled water. The 
rinse water Is capttired In a suitable clean 
container. 

3.3. Hot Run 3 (test with contaminated **2^4 according 

to item 2. 3.2. 3) 

This hot run Is carried out If no blockage occurs for 
Hot Run 2 . 

Hot Run sequence the same as for Hot Run 2 (Item 3.4.1.) 

3.5.1. Hot Run 3 ’ 

When Hot Run 2 Is repeated Cltem 3. 4. 4.1.) we found 
no blockage after about 1300 seconds (Ox-Tank empty) 

After this an additional test Number 02-2956 was 
carried out with *'*2^4 t using the composition of 

3.3.j.2. 


Surprisingly blockage occurred after 100 seconds on 
the filter (see graphed figures of test results). 
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Regarding ground tests for investigating the MV2 anoibaXies 
^cordlnc to TN-RT 35jr7/77. , . /. 

'•if* »5«cW»Vtilk i>»r vUUi*Ai«MJL»>*«uL /m hy%<^ /C««M4(iAawk 


»*WMk^ 


/}bl{ra*»ait*/a^tMcA*ft . 

> -— - — ■ » 

Tuning Diaphragms 




Gu^ "7^ l?6 jr.^f/lT4 Qeff tnftj 

According to TN Rfi CTuning. of: ) 

CAjcAcm //c 4 /a/^CMcCk ' du JS 40 

.the following flow number result <for the diaphragms: 
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.'^ • 0.“»H k,/, 
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V (illegible) 
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Author; Hersberg 


TN-RT353-1/78 
QS Demonstration 

for: Ground teste for Investigating the NV2 anomaly Page 1 of 7 

N&me : HQ NgO^j Container 

Item No t 8720 
Component No . : 

Fabrication No.: 

To: 

Nominal value for cleanliness demor-stratlon Class 1 according to 
SAE 

Actual value : Date: 7/17/78 RC34 
(illegible) 

Nominal '^alue for operating pr e ssure demonstration ; 

Actual : 

% 

Nominal value for air tightness demoustration ; 

Actual t 

Media for cleanliness demonstration; Isoproponol 
Media for operating pressure demonstration 
Media for air tightness demonstration 
GN 2 > LAM Supply Network 

The nominal values with "QS" have to be demonstrateu by the QS. 
*Mundlng> -Braun- 
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Appendix B to 

TN-RT 353 - 1/78 - Author: H«r*b#rg 

QS Demonstration Pago 2 of 7 

for Ground tests for Investigating the MV 2 anomaly 

Name ; Side Test Configuration 

Item No. : 


Component No . ; 

Fabrication No . ; 

Filter MQ SK 2480-22 BT Housing Nr. 20/21 
Turbine Model LF 6 - 6 O Serial No. 7191 
To: HG tube 1/8" x 0.01" x 1000 mm long 

Manual valve; Nupro SS 4H. 

Nominal value for cleanliness demonstration Class 1 according to 
SAE 

Actual value ; Date; 7/17/78 RC34 

(illegible) 

Nominal value for operating pressure demonstration ; 

Actual ; 

Noml;;al v^lue for air tightness demonstration? 

Actua] : 


Media ur cleanliness demonstration; Isopropanol 


Wedifi for operating pressure demonstration 

Media for air tightness demonstration Ng LAH Supply Network 


Chemical pui'ity with tubes.. 
Nominal: Residual amounts of 
The nominal values with "QS" 
-Mundlr •?- 


. . f tested 
. . . .ppm 

have to be demonstrated by the 

-Braun* 


QS. 
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for: 


Appendix B to 
TN-RT353-1/7*? 

QS Demonstration 

Orouni Tests for Investigating the MVg 


Author: Hersberg 
Dats 1 . 16.78 
Page 3 of 7 
anomaly 


Name : MMH Side Test Configuration 
Item No. : 


Component No . : 

Fabrication No . : 

Turbine: Model ® LF 6-00 Serial No 15732 
To : HG tube 1/8" x 0.01" x 1000 mm long 

Manual valve: Nupro S3 4 h. 

Nominal value for cleanliness demonstration Class 1 according to 
SAE 

Actual Value ; Date 7/17 '78 RC3^ 

(illegible) 

Nominal value for operat ing pressure demonstration ; 

Actual ; 

Nominal value for air tightness demonstratic n; 

Actual ; 

Media for cleanliness demonstration ; Isoprjpancl 
Media for operating preeaure demonstration : 

Media for air tightness demonstra t ion; Network- 

The nomlnel values with "QS" have to be demon 'tratad by the QS. 
-Munding- f-Braun- 
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Appendix B te Author; Hor shore 

TK-RT 353 •* 1/78 Pago t of 7 
for: Ground tests for Investigating the N ?2 snoaaly 

QS DeaonstratlMi 

Wamet N2^2 filling line 

Item No, : 869t Ku S-Ng 

Component No . : 

Pabricatiort No> : 


Nominal value for cleanliness deioonstration Class 1 according to 
SAE 

Actual value Date 7.2.78 RC3^ 

(Illegible) 

Nominal value for operating pressure demonstration 
Actual : 

Nominal value for air tightness demonstration ; 

Actual ; 

Media for cleanliness demonstration ; Ng line LAM 
Media for operating pressure demonstration 
Media for air tightness demonstration 


Chemical purity with tubes....... tested 

Nominal : Residual amounts of • . . • .ppm 


The nominal values with "QG” have to be demonstrated by the QS. 


Munding 


•Bratuii^ 



Appendix B to 

TN-RT 353 - 1/78 Authors Horshorg 

for: Ground tests for investigating the fags 5 of 7 

MY 2 anoaaly 

Name : QSP drive line A pog for MNH pressurlsation 

Item No ; 5^70 
Component No. : 

Fabrication No.: 


'xO 


Nominal value for cleanliness demonstration Class 1 according to 
SAE 

Actual value : 7/12/78 RC3^I 

(Illegible) 

Nominal value for operating pressure demonstration : 

Actual : 

Nominal value for air tightness demonstration ; 

Actual : 

Media for cleanliness demonstration ; Ng LAN Supply Network 

Media for operating pressure demonstration 

Media for air tightness demonstration 

Chemical purity with tubes tested . 

Nominal: Residual amounts of....ppm 

The nominal values with "QS” have to be denonstrated by the QS. 
-Mundingo * 97 -Braun- 


Appendix B to 
TN-RT 353-1/78 

QS Denonstration 


Author: Heratm^g 
Page 6 of 7 


for ground testa for Investii^tlng the MV 2 onoaaly 


Name : MNH - HQ Container line 

Item No ; 8693 Ku 5 

Component 

No ; 

Fabrica- 
tion No. 


To ; 

Nominal value for cleanliness demonstration ; Class 1 according to SAE 
Actual Date; 7/02/78 RC3^ (illegible) 

Nominal value for operating pressure demonstration ; 

Actual ; 

Nominal value for air tightness demonstration ; 

Actual ; 

Media for cleanliness demonstration ; Isopropanol 

Media for operating pressure demonstration ; 

Media for air tightness exanination ; 

Chemical purity with tubes tested 

Nominal; Residual amounts of ppm 

The nominal values with "OS** have to be demonstrated by the QS. 
-Nunding- -Braun- 







Appendix B to 

TN-RT 353*-1/78 Author t HerilMirg 

QS Deaonstration Page 7 of 7 

for: ground tests for Investigating the NV 2 anoaaly 


Name : N20j, HO Container Line 

Item Wo. : 8692 Ku t 13 


Coaponent 
No: 2 


Fabrication No, : 


To ; 

Nominal value for cleanliness demonstratlen : Class 1 according to 

SAE 

Actual Date 7.12/78 RC3^» (Illegible) 

Nominal value for operating preesure demonstration ; 

Actual ; 

Nominal value for air tightness demionstratlon : Isopropanol • 

Actual : 

Media for cleanliness demonstration : 

Media for operating pressure demonstration : 

Media for air tightness demonstration : 

Chemical purity with tubes. •••..tested 
Nominal: Residual amotmts of ppm 

The nominal values with "QS” have to be demonstrated by the QS. 
*Mundlng- •Braun- 
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Appendix C to 
TN-WP353^1/78 

Evacuation of Conveyance Syaten 
NV2 Anomaly Teat Results 

Page 

The temperature on the engine Is measured with a measurement 
bridge using the resistance of the coll. 

*»ax " ^ 


Division 
RT 353 

Author 

Braun 

Date 1/20/78 
1 of 3 


Temperature of the Ox-Dlaphragm, nominally 28^C 
Operating voltage for Engine 27 Volt DC 
Total evacuation time 336 hours (FS of 1.23.78) 


Monitoring Ten 4 >erature Vacuum Resistance 

Date Time Dlag- ^of dla^’Sd 

surround- phragm phragm Engine Coll [Ohm] 
Ings 



- 



• 

22 

e 

- 

2^5 


27, S 

< 


H7.S 

29 

^9 

26 

29 

26 


JlfiS 


U 

ii,S 

2S 


1 









Appendix C to 
TN-RT353-1/78 

Evacuation of Conveyance System 
MV2-Anonialy Test Results 


Division 3 
RT 353 
1.20.78 
Author: 
Braun 

Page 2 of 3 


Monitoring Tenqperature 

Date Time DlaphrSgm Dla- 

surround- phragm 
ings 


Vacuum 
[bar] tTorr] 
of dla- and 
phragm Engine 


Resistance 
of the Remark 
Coil 
[0hm3 


Name 






HR 1 I 


Appendix C to 
TN-RT353 V73 

Evacuation of Conveyance Syeteii 
MV2 Anomaly Teat Reeulta 


Division 3 
RT 353 

Author 

Braun 

Date 1/20/78 


Monitoring Temperature Vacuum 

« ^ ®C [bar] [Torr] 

Date Time Diaphragm Dla- of dia- and 

surround- phragm phragm Engine 
Inga 

OU I i 


I 2¥tS *^O.OS S*iO’‘^ 29h 

! S99 


Page 3 of 3 
Resistance 

of the .coil Remark Name 
[0)ub3 


•#» 


* i 


















